The present work aimed to evaluate the behavior of ten fertility attributes of soil organic matter physical fractions and total organic carbon upon addition of three EM Bokashis to a Rhodic Ferralsol (FRr) and a Dystric Cambisol (CMd). An experiment was carried out in greenhouse in which the soils were placed into plastic trays and cultivated with tomato. A completely randomized design was used with four repetitions and factorial scheme of 2 × 3 + 2, consisting of two soils (FRr and CMd), three EM Bokashis (Poultry Manure Bokashi (BPM); CNPH Bokashi (BC); and Cattle Manure Bokashi (BCM)), and two controls (both soils without addition of Bokashi). The following fertility attributes were evaluated: pH, Ca 2+ , Mg 2+ , K + , Na + , P, SB, H + Al, CEC, and . Particulate organic carbon (POC) and mineral-associated organic carbon (MOC) and total organic carbon (TOC) were also investigated. Finally, the Principal Component Analysis was conducted in order to identify possible patterns related to soils when fertilized with EM Bokashi. The addition of EM Bokashi increased the soil fertility and contents of POC. Different EM Bokashi presents distinguished effects on each soil. The PCA suggests that BPM presents higher capacity to modify the analyzed chemical attributes.
Introduction
Several papers have been focused on the need of reaching more sustainable production systems [1] [2] [3] . In addition, the need for a global increase of agricultural production to feed a growing population is still a key question that has not been solved, as demonstrated by Ray et al. [4] . This way, the more efficient management of natural resources in agriculture, so as to ally the conservation of natural resources, the social development, and the economic viability, constitutes a current challenge. Therefore, the adoption of organic fertilization is an alternative. Nevertheless, many challenges still exist in order to achieve a wider reach of organic agriculture around the world. For instance, Seufert et al. [5] , by meta-analysis, compared the productivity of organic and conventional production systems in various agricultural crops and established that the first system presents numbers 25% smaller than the latter. Among the possible causes for this smaller productivity can be cited aspects related to an inefficient nutrients supply. In this sense, it becomes necessary to fill eventual blanks in the knowledge about the effects of adopting organic production inputs in the soils, an area of extreme importance for the development of organic agriculture.
The use of organic residues such as fertilizers, apart from stimulating the recycling of various materials and diminishing the use of nonrenewable minerals, also makes available, at 2 International Journal of Agronomy different proportions, the nutrients necessary for plant development. Moreover, it may also contribute with increments in the soil quality, with emphasis on the improvement in the contents of soil organic matter (SOM) and all benefits associated therewith, with positive effects on agricultural crops [6, 7] . Among the organic fertilizers commonly used, the EM Bokashi plays a special role, generally constituted by agroindustrial residues, such as flours or brans and manure, which are inoculated with a solution of effective microorganisms (EM) containing anaerobic and aerobic organisms, favoring the oxidative decomposition and enzymatic fermentation.
In order to understand the behavior of soil organic matter and its effect on soil quality it is important that labile and recalcitrant soil organic matters are quantified. In this sense, granulometric fractionation of organic matter allows quantifying two distinct organic fractions, the particulate organic carbon (POC) and the mineral-associated organic carbon (MOC), which may be used to verify such balance. The POC fraction consists of materials promptly available for decomposition, such as leaves, roots, and animal remains. These components are associated with the sand fraction of soil, which presents particles with diameter larger than or equal to 53 m, constituting an estimate of SOM's labile fraction. As for the MOC fraction, it can be understood as an estimate of SOM's recalcitrant fraction and is composed of organic matter in advanced stage of decomposition, being strongly linked to the minerals of soil, and with diameter smaller than 53 m [8] .
Although there are several published papers about the effects of organic residues on soil quality, just some of them aim to be related to the use of EM Bokashi. There are differences in the effects observed for the simple organic fertilizers input on soil chemical attributes and those proportioned to them enriched with EM [6] . This lack of information, especially important for tropical soils, hampers the comparison of results and their discussion. It is possible that the effects of different EM Bokashi on soil chemical attributes should be dependent on different organic inputs and soil types and this is an important theme to actual and future scientific research and to improve organic fertilization. Considering all these aspects, the present work had the objective of evaluating the effects of adding different EM Bokashi on fertility and soil organic matter attributes, in two different soils commonly found in Brazil (a Rhodic Ferralsol (FRr) and a Dystric Cambisol (CMd)).
Material and Methods
The experiment was implemented in a greenhouse at the Sector of Experimental Fields of Embrapa Vegetables, located at the rural area of Brasília, Distrito Federal, Brazil (geographic coordinates 15
∘ 56 S and 48 ∘ 08 W, altitude of 997.6 m). The experiment was conducted in the autumn of 2013. According to the Köppen classification, the region has Aw-type climate (tropical savanna with concentration of rain in the summer). For execution of experiment, tomato crop (Solanum lycopersicum) cultivar San Vito was employed, in two cycles, until beginning of fructification. Both cycles had duration of 30 days, with an interval of 30 days between them. Throughout this whole period irrigation was performed in the experimental allotments.
The experiment was carried out in plastic trays of 40 × 20 × 10 cm, with capacity of approximately 10 kg of soil. The design was completely randomized comprising four repetitions in factorial scheme 2 × 3 + 2, with two soils (Rhodic Ferralsol (FRr) and Dystric Cambisol (CMd)), three EM Bokashi types (Cattle Manure Bokashi (BCM), Poultry Manure Bokashi (BPM), and CNPH Bokashi (BC)), and two controls (the same two soils, nonfertilized).
The BCM and BPM can be differentiated as to the origin of manure, bovine or poultry, respectively. In turn, the CNPH Bokashi (BC), produced in Embrapa Vegetables, is composed of plant residues and poultry litter, besides other organic compounds, such as bone meal and castor cake. All EM Bokashis were produced anaerobically in the presence of EM and BPM and BCM are acquired commercially.
The amount of EM Bokashi added was determined based on the total nitrogen (N) contents of Bokashi types, as well as on the requirements of tomato crop used in the experiment. To each soil type were added, respectively, 650 g/box of BCM, 460 g/box of BPM, and 450 g/box of BC. The mass of each EM Bokashi was added so as to reach a N content of 2,500 kg ha −1 . Thus, it is emphasized that the same amount of this production input was added to all experimental allotments. Soil sampling was performed after two cycles of tomato cultivation. The basic chemical composition, as well as the moisture level of used EM Bokashi, can be found in Table 1 .
The fertility analyses of the soils were carried out according to protocols available in EMBRAPA [9, 10] . The contents of Ca 2+ , Mg 2+ , Na + , K + , potential acidity (H + Al), and available P (Mehlich-1) were determined. In addition, the pH values, exchangeable bases (SB), cation exchange capacity (CEC), and base saturation ( ) were quantified.
The determination of TOC contents and physical fractions was accomplished by the Walkley-Black method. The physical fractionation of soil organic matter was performed by the method proposed by Cambardella and Elliot [8] . For this, 20 g of dried soil air samples was weighed and placed into centrifuge flasks with screw caps. To these was added 60 mL of sodium hexametaphosphate, and the flasks were subjected to horizontal agitation for 15 h. Next, the contents retained in sieve of 53 m were washed and dried in incubator at 40 ∘ C. Subsequently, the contents were weighed and the POC contents were determined. Finally, the data obtained for POC were corrected according to the texture of soils. The MOC contents were quantified through the difference between the contents of TOC and POC. The data were then verified as to their normal distribution. Once this was confirmed, they were subjected to the analysis of variance by test at 5%. When this test turned out significant, the differences between the averages were attested by the Scott-Knott test at the same significance level. Further, the relationships between the variables were determined by Pearson correlations and the Principal Component Analysis (PCA) was conducted to group similar treatments.
Results and Discussion
Normal distribution was verified for the data regarding all analyzed variables, except for that corresponding to the POC fraction. For this variable, transformation of data was then performed using the Box-Cox method. Table 2 offers the values of ANOVA. Significant differences were found between the means of EM Bokashi treatments and the controls for the variables pH, Mg 2+ , K + , Na + , P, H + Al, , , and POC. However, no effects of EM Bokashi were verified for Ca 2+ , SB, MOC, and TOC compared to the controls. Differently, the interaction between the two evaluated factors was significant for pH, K + , Na + , P, H + Al, , , MOC, and POC.
The action of EM Bokashi as soil conditioners became evident by the higher pH values found for the treatments that received this input, independently of soil used (Table 3) . Similar results were found by Boechat et al. [6] that evaluated the effects of application of five organic residues in Ferralsol chemical attributes. Probably, the increase of soil pH is linked with the use of limestone or lime in the EM Bokashi formulation, with the objective of eliminating parasites and pathogens microorganisms possibly present in the organic residues. The unfolding of factor soil inside each level of factor EM Bokashi further showed that the highest values of pH were found for CMd when compared to FRr. This fact must be related to the higher base saturation in the CMd, which makes evident a more basic reaction in comparison to FRr; further, it suggests lower occupation by cations of acid hydrolysis, such as aluminum (Al 3+ ). Moreover, the addition of different EM Bokashi shows distinct results in the pH according to the used soil. In this sense, it was observed that, for CMd, the highest pH values were found upon application of BPM, whereas the addition of BC or BCM increased the pH to similar levels, which were lower than that for BPM.
As for FRr, the highest pH values were registered upon addition of BC and BCM. These results suggest complex relationships between the EM Bokashi and soils. Then, it is possible that the complexity of these relationships has been normally disregarded when recommendations have been made for fertilization with these organic production inputs, which may lead to suboptimal utilization of their potential. These complex relationships must be dependent on mineralsoil organic matter interactions and further studies will be necessary to provide a better understanding of them.
Behavior similar to the pH was demonstrated for the base saturation. The relationship between these two variables in tropical soils has been known for a long time, as can be seen by the work of van Raij et al. [11] . This way, here was observed a higher base saturation for the group of soils that received addition of EM Bokashi. Moreover, the unfolding of interaction of factors showed that the highest values of were found for CMd, independently of applied EM Bokashi. Brazilian Cambisols normally present lower influence of weathering processes than Ferralsols [12] and, therefore, commonly suffered lesser loss of basic cations, which may explain the higher values of . For CMd, it was found that the higher was observed in samples treated with BPM compared with the other two evaluated EM Bokashis. In turn, in FRr it can be observed that maintained by BC was higher than those by the BPM and BCM. The contents of Mg 2+ , Na + , K + , and P, besides the values of and , were also superior for the treatments that received addition of EM Bokashi. The conjunct of these results made clear the fertility capacity of these inputs. Several papers had related the increased soil fertility due to the use of organic residues in Brazilian soils [6, 13, 14] . In this study, a very heterogeneous behavior was observed with respect to the potential fertility improvement provided by each EM Bokashi for each soil. In the FRr the different EM Bokashi maintained the following: BC and BCM, higher pH values; BPM and BC, higher Mg 2+ and P contents; BCM, higher K + contents and lower Na + contents; BC, lower H + Al and higher values. In turn, for CMd, it was observed that the EM Bokashi maintained the following: BPM, higher pH and , beyond lower H + Al; BC, higher P content; BCM, higher K + content; BC and BCM, higher CEC. The results of many other studies [14, 15] with organic fertilizers support this heterogeneity of effects in different soils and must be related with the various materials used in the composition and the production method of these inputs, the soil type, and the evaluation methods also. However, no effects were verified upon addition of EM Bokashi on the Ca 2+ contents and SB values. Thus, the obtained results indicate an inefficiency of used organic fertilizers in supplying Ca 2+ which when necessary must therefore be provided by some other source. Another possibility is that this result may be influenced by external sources of variation, as liming, that input high contents of this macronutrient and then mask the effects of EM Bokashi. Moreover, it is possible to infer about a strong relationship between the contents of Ca 2+ and the values of SB in the studied soils. These relationships are according to the results of Abreu Jr. et al. [16] and Mg 2+ are linked with the use of limestone to correct the soil acidity and supply these cations. The interaction between the evaluated factors was not significant for Ca 2+ , Mg 2+ , and SB. This way, it is possible to infer that these attributes suffered effect of individual factors. The analysis of results reveals that the content of Ca 2+ , as well as the values of SB, was statistically different only for the soils, with higher contents being found in FRr. This fact must be related to the higher CEC of FRr, which increases its capacity of retaining cations. At this point it should also be emphasized that the employed soils were collected in area of agricultural production (CMd) or received addition of limestone for constitution of substrate (FRr); thus, absence of effect of treatments and differences between soils may also be related to the liming. In turn, the test for Mg 2+ content was significant for the used soils and EM Bokashi. However, the Scott-Knott test at 5% did not detect differences between the mean values of this macronutrient found for both soil types. As for the EM Bokashi, higher contents were observed in the samples fertilized with BPM and BC. Increases in the diversity of microorganisms and positive effects on the content of P, N, and S were attributed to the use of EM associated with organic residues by Namasivayam and Kirithiga [15] . Positive results of applying EM Bokashi and other organic residues of the fertility attributes of Brazilian soils have also been occasionally cited in the literature. For instance, Boechat et al. [6] , evaluating the effects of organic residues mixed or not with EM Bokashi on a Xanthic Ferralsol, concluded that the last products may enhance and accelerate the degradation of organic residues, promoting positive effects on the liquid mineralization of N and on fertility attributes of soil. Further, Ourives et al. [17] , evaluating the effect of an EM Bokashi applied so as to provide five different doses of P 2 O 5 in a Rhodic Ferralsol, under pasture of Brachiaria brizantha, observed positive effects on the parameters related to the pasture quality and fertility attributes.
Generally there were observed high contents of nutrients in all treatments. In part, these high contents are due to an enrichment caused by the high capacity of EM Bokashi to supply these nutrients. When organic inputs with high fertility potential are added to the tropical soils the risk of lixiviation and its negative environmental impacts increases [18] . Additionally, use of high rates of poultry litter can increase the risk of P lixiviation in the form of organic P. Successively fertilization with poultry litter or fertilization with this organic fertilizer after the mineral fertilization can increase the risk of P lixiviation [19] . Then, rational uses of EM Bokashi are necessary.
The contents of TOC and its physical fractions, as well as their relationship with the evaluated factors, were also studied in the present work. The results available in Table 4 show that the addition of EM Bokashi only had effect in the POC fraction, when compared to the additional treatment. These results are probably related to the higher instability of this fraction and its greater response potential upon conduction of short-term experiments. Significant interaction between the evaluated factors was also found for POC. In this sense, FRr always presented higher contents than CMd, whereas no statistical differences were found between the contents maintained by the different EM Bokashi in both soils. These results probably demonstrate the higher potential for POC accumulation of FRr. Probably this result is linked to the strong granular structure in this soil that protected labile SOM against microbial attack and to the oxidic mineralogy forming strong intermolecular bonds with SOM [20] .
No significant statistical differences were observed between the contents of MOC maintained by the factors compared to the control treatments. This fact may be related to the high stability of MOC fraction, which makes it little responsive to the soil management in short-term experiments. Similar behavior was found for TOC; this was an expected fact since in tropical soils the largest part of TOC is composed of material with high stability, quantified by the MOC fraction. In the present work, the mean of factorial treatments showed that the MOC fraction represented 75.9% of TOC. Differently, the means of control treatments demonstrated that this fraction corresponded to 73.1% of TOC. However, the lack of statistical difference between the mean contents of MOC and TOC between the factorial and controls treatments does not allow certainty that the addition of EM Bokashi promoted stabilization of SOM. The contents of MOC and TOC for the control and the factorial treatments showed relatively large numerical differences (48.59 g kg −1 and 76.52 g kg −1 ; 100.87 g kg −1 and 66.47 g kg −1 , resp.), which may suggest that the lack of statistical significance is related to the high variation of obtained data. This is possibly a consequence of a supposed heterogeneity of EM Bokashi or, more probable, of high differences between the soils. Nevertheless, the lower sensitivity of MOC and TOC fractions to short-term alterations in superficial horizon in organic agriculture production systems has been related in works such as those of Loss et al. [21, 22] .
For the MOC fraction significant effects of interaction between the factor soil and the factor EM Bokashi were observed. The unfolding of interaction shows that FRr maintained higher contents of this organic fraction for all EM Bokashis. EM Bokashi presented similar potential of MOC addition for the FRr, while maintaining different levels for the CMd. In this last soil BCM maintained higher contents of MOC, followed by BPM that maintained intermediated values and BC that added the lower ones. Moreover, it seems that FRr is less susceptible than CMd to changes in MOC contents caused by addition of these organic production inputs. This result again suggests complex relationships of cause and effect upon EM Bokashi addition to such distinct soils as those used in this work. To explain these results, it can be hypothesized that the natural presence of higher contents of stable organic matter in FRr, as well as the more effective mechanisms of stabilization of SOM in this soil, results in its smaller response to such additions. In the same way, it is also possible that CMd is more dependent on the addition of external sources of stabilized SOM than FRr, which is thus of extreme importance to improve the quality of CMd.
With regard to TOC, although no significant differences were found between the treatments that received EM Bokashi and those that did not, as well as for the interaction between the factors, individual effects were observed for the latter. This way, the highest TOC contents were found for FRr when compared to CMd. Further, the highest TOC contents were found in the soil samples that received BCM, followed by those that received BPM and BC, which maintained similar contents.
The higher content of evaluated fractions and of TOC in FRr may be explained by various reasons. Six et al. [23] reported that stabilization of SOM is a consequence of a series of factors or processes, such as the recalcitrance of organic molecules, the link to the surface of clay minerals, or the inaccessibility of SOM to the microorganisms when protected in stable soil aggregates. In this sense, the content of recalcitrant fractions in the soils depends, among others, on the quality of provided organic compounds, the climatic conditions, and the soils properties [24, 25] . Brazilian Ferralsols have a strong granular structure as one of their main characteristics, the genesis of which may be strongly influenced by the elevated presence of iron and aluminum oxides in their mineralogical composition [26] . The physical protection of fresh SOM by occlusion in these stable aggregates is an important mechanism that restricts its decomposition in Ferralsols [27] . In addition, the organic molecules may be found stabilized by intermolecular bonds such as electrostatic attraction, hydrogen bonds, and exchange of ligands with the oxides and oxyhydroxides [28] , constituents that are commonly found in higher amounts in Ferralsols. At last, the high degree of development promoted by weathering of Ferralsols may lead to a kind of "natural selection" of more stable organic molecules, this last process as suggested by Lorenz et al. [29] .
The results of PCA are available in Figure 1 . The PCA allows detecting the existence or not of anomalous samples, relationships between the measured variables, and relationships or groupings of samples [30] . The two first factors explained 91.94% of variance of the data, corresponding to an International Journal of Agronomy 7 elevated explanatory capacity. Moreover, the two first factors presented high correlation (above 0.7) with all analyzed variables ( Table 5) . The PCA showed a clear separation of at least two groups: to the right, group of samples with FRr; to the left, group of samples with CMd. These, in turn, can be further subdivided into four subgroups, namely, subgroup 1: FRr CON (control); subgroup 2: FRr BPM, FRr BC, and FRr BCM (treatments with EM Bokashi); subgroup 3: CMd CON (control); and subgroup 4: CMd BPM, CMd BC, and CMd BCM (treatments with EM Bokashi). These results clearly show a high potential of PCA for grouping similar samples by means of conjoint analysis of all the studied variables. In comparison to the parametric statistics used in this work, it is possible to suggest even a higher efficiency of this multivariate statistical technique in promoting such grouping. Therefore, it is reasonable to suggest that although little used at present, PCA is a tool that should be better explored for scientific evaluations such as those performed in this work.
The multivariate analysis of fertility and soil organic matter attributes by PCA shows a grouping of different soils treated with EM Bokashi, suggesting their similar efficiency to improve soil fertility potential when compared to the controls. The PCA also suggests that the chemical attributes of CMd were more influenced by the addition of EM Bokashi than FRr. Soils that received BCM present chemical attributes more similar to the controls, while soils fertilized with BPM present more distinguished ones. The BC, in turn, proportioned intermediary changes. Pandolfo et al. [14] that had done a technical analysis of nutrients sources and management systems by models found results that support a better performance of poultry litter to improve a soil chemical index in a Brazilian Rhodic Nitisol when compared with liquid cattle manure. The better performance of poultry litter must be related with its faster decomposition compared to mixed manure (equal proportions of poultry litter and cattle manure), that presents intermediate decomposition rates, and cattle manure [31] . The higher decomposition rates of poultry litter must be associated with its organic matrix that is rich in organic acids with low molecular weight [32] .
The Pearson correlations coefficients (Table 6 ) reinforced some aspects discussed previously with regard to the behavior of fertility attributes, the TOC, and the physical fractions of organic matter. For instance, the high direct correlations existing between pH and are very clear. On the other hand, indirect correlations were observed between these variables and the potential acidity (H + Al). Another direct relationship that stands out is that existing between the organic fractions (POC and MOC) and TOC with CEC, as well as with the contents of exchangeable bases Ca 2+ and K + , besides SB, thus suggesting the supply of negative electric charges by the SOM. The strong direct correlation between H + Al and CEC reinforces this suggestion. The fraction POC also strongly and directly correlated with the Mg 2+ contents, suggesting relationships such as the nutrient's supply by this fraction. In this work no strong relationships were observed between the contents of P and those of POC and MOC or TOC fractions. However, it is known that the addition of organic production inputs may reduce the maximum adsorption capacity of P in Brazilian soils [33] . Furthermore, strong correlations were observed between the contents of this important macronutrient and the values of pH and . In tropical soils, the high point of zero charge of oxides and oxyhydroxides leads to a higher density of positive charges in the exchange complex under conditions of acid pH, increasing the potential of P adsorption by the soil. Contrarily, when in basic pH, the generation of negative electric charges occurs in function of deprotonation of clay surface [34] , leading to a smaller capacity of P adsorption.
The results obtained in the present work reinforce the perception that the recommendations for organic fertilization with EM Bokashi must be better developed, considering the characteristics of not only these production inputs, but also soils being fertilized.
Conclusions
The results found in this paper can support future researches with focus on behavior of organic amendments in different soils types. The interaction between soil organic matter and soil characteristics is well documented in the scientific literature and it is clear that the dynamics of organic matter depends on several factors as soil mineralogy, soil texture, soil microbial community, and relationships between nutrients (e.g., C, N, and P), among others. Thus, it is possible that the same organic amendment presents different nutrient supply in different soils types, as can be noted in the results of this paper. Also, different organic amendments can present different behavior in the same soil. In our opinion, to allow better results in organic agriculture, future researches should be focalized in the relationships of soil organic matter dynamics and nutrients supplies when different organic fertilizers are used in different soils types. Numbers in boldface represent high correlation (above 0.7) between the factor and the variable.
